The well-known homoleptic iridium (III) complex Ir(ppz) which is only emissive in solution at low temperature has been investigated as dopant in a p − i stacked OLED architecture. Interestingly, while using this phosphor as a single emitter, a white OLED was obtained. Emission colour was determined as being concentration and thickness-dependent.
Introduction
During the past decade, white organic light-emitting diodes (WOLEDs) have attracted a great attention as potential candidates for next generation displays, signage and solid-state lighting sources [1, 2] . Over the years, several strategies have been developed to produce white light: mixture of the three primary Red Green Blue (RGB) colors [3, 4] within a single emitting layer or segregation of the three emitters into adjacent layers, combination of two complementary colors [5, 6] . However, serious problems are evidenced in multilayer white OLEDs such as the reproducibility of the device preparation, the variation of the Commission Internationale de l'Eclairage (CIE) coordinates as a function of the driving voltage or the unequal aging of the di erent emitters conducing to an emission change over the time. Conversely, WOLEDs incorporating a single emitter are quite few [7] [8] [9] [10] [11] [12] . In this case, a higher stability of the emission color with the driving voltage and enhanced lifetimes are demonstrated. Parallel to this research eld, blue OLEDs is an active research eld from the organic or organometallic point of view [13, 14] . Yet blue phosphors are of crucial importance in various applications such as full-color at-panel displays and solid state lightings, the number of blue emitters at disposal is still behind the others and new complexes are thus still actively researched. Notably, deep blue PhOLEDs are hardly attainable as a result of the requirement of designing wide bandgap materials that often exhibit shallow LUMO levels rendering an e cient electron injection di cult [15] [16] [17] [18] [19] [20] [21] [22] [23] . A red-shift of the electroluminescence (EL) emission wavelength compared to the photoluminescence (PL) in solution is also often observed due to solid-state aggregation and use of complexes with a PL in solution close to the near UV region is thus required to get a good color purity. Based on the wide range of potential applications that can have deep-blue OLEDs, investigating new families of complexes is a pressing concern. Among all phosphorescent emitters under investigation, iridium (III) complexes are without contest among the most widely studied transition metal complexes: as neutral emitters [24] or as soft salts [25] [26] [27] for the design of OLEDs or as ionic complexes [28] [29] [30] for the design of Light-Emitting Electrochemical Cells (LECs). As main advantage over the other transition metal complexes, relatively short excited state lifetime enables to e ciently minimize the triplet-triplet (T-T) annihilation [31, 32] . So far, metal complexes that are nearly non-emissive at room temperature but revealing a decent emission at 77K have only been scarcely in-vestigated as emitters for OLEDs [33] . Emitters are often selected for their high photoluminescence quantum yield in solution and in the solid state. In the case of complexes with low quantum yields of luminescence, moderate performances are already anticipated but interesting colors can be obtained. More generally and to the best of our knowledge, only two almost non-emissive platinum (Φ <0.02 and Φ = 0.03) [34] [35] [36] and iridium complexes [37, 38] (Φ = 0.0046 and Φ = 0.1) have been incorporated in OLEDs. Concerning iridium complexes that su er from an extremely low emission quantum yield in both uid and solid states at RT, Ir(ppz) with ppz = 1-phenylpyrazole is a well-known blue phosphor [39, 40] . Notably, Ir(ppz) has already been incorporated in devices acting as a hole and excitons blocking layer [41] [42] [43] [44] . However, this complex has never been used as emitter for OLEDs. Herein, we report on OLEDs prepared with Ir(ppz) as a singledopant. As anticipated by using a deep-blue dopant, blueOLEDs were obtained. However, a WOLED was obtained at 5.1 wt% doping concentration.
Experimental details . General Informations
The complex Ir(ppz) was synthesized by following a literature procedure without modi cation and obtained with similar yield [39] .
. OLEDs fabrication and measurements
OLEDs were fabricated onto cleaned indium tin oxide (ITO) glass substrates with sheet resistance of 10 -12 Ω/cm . Prior to organic layer deposition, the ITO substrates were successively washed with acetone, ethanol and isopropanol in ultrasonic bath for 15 min., andnally exposed to UV-ozone 20 min before loaded into a deposition chamber. All materials used for the device fabrication were purchased from Lumtec with the best purity available and used as received. Organic layers were then sequentially deposited onto the ITO substrate at a rate of 2 -4 Å/s and a pressure below 1 × 10 
Results and discussion
Electroluminescence (EL) performance of Ir(ppz) was investigated in a typical doping device structure of ITO/MeOTPD:F -TCNQ (7.5 wt%, 100 nm)/MeOTPD (15 nm)/TCTA:Ir (50 nm)/BCP (15 nm)/TPBI (100 nm)/LiF (1 nm)/Al. MeOTPD:F -TCNQ was used as a hole-injection layer, MeOTPD acts as a hole-transporting layer, TCTA:Ir is the emissive layer, BCP and TPBI are employed as holeblocking layer and electron-transporting layer, respectively. OLEDs were prepared by vapor deposition technology and characterized without encapsulation in a nitrogen glovebox. Three doping concentrations were investigated i.e. 3, 5.1 and 11.4 wt%. Surprisingly, a WOLED was obtained at the doping concentration of 5.1 wt% whereas the two other doping concentrations provided blue devices, as anticipated when a saturated deep blue dopant is used. Characteristics of luminance-voltage (L-V) of the three OLEDs are shown in Figure 1 and summarized in Table 1 . The turn-on voltages de ned at a luminance of 1 cd.m − were 3.9, 7.2 and 4.0 V respectively. Interestingly, the highest turn-on voltage was observed for the WOLED. All devices displayed moderated EL performances with maximum brightnesses ranging from 250 to 347 cd.m − .
These results are directly related to the low PL quantum yield of this complex at RT. EL spectra of the three EL devices with di erent doping concentrations from 3 to 11.4 wt% are shown in Figure 2 . At low dopant concentration of 3 wt%, a saturated blue EL with emission maximum at 420 nm was obtained. In particular, the EL spec- [45] [46] [47] . As revealed by the EL spectrum, EL emission comes directly from the triplet excited states of the iridium (III) complex as the EL spectrum coincides the PL spectrum. This indicates a complete energy transfer between host and dopant in the TCTA single-dopant emitting system. By increasing the dopant concentration, a complete change of the EL spectrum was observed and a white OLED was obtained. The broad emission covers the whole visible region and ranges from 400 to 800 nm. One main emission peak at 512 nm with a shoulder peak at 422 nm are observed. CIE coordinates of the Ir(ppz) -doped device (0.29, 0.33) are close to the CIE coordinates (0.33, 0.33) of a pure white emission. As speci city, white OLEDs exhibited a higher turn-on voltage and required a higher driving voltage than other devices. Broadening of the EL emission can be con dently assigned to contributions from the other layers even if the high-energy emission at 422 nm of the complex is still detectable. Upon increasing the dopant concentration to 11.4 wt%, a slight shift of the saturated blue emission (427 nm) was observed compared to that obtained for the device at 3 wt% (420 nm). A frequent problem encountered with the white emission of sandwich structure is the bias-dependent color variation, this variation being attributed to a shift of the recombination zone as a result of the di erence of hole and electron carrier mobility of each material [48, 49] . While varying the applied voltage, almost no color change was observed on the WOLED, as evidenced in the Figure 3 . Finally, overall thickness of the device was investigated as another factor potentially in uencing the emission color. Increase of the thickness can also shift the recombination zone by the necessity of applying higher driving voltages to get light and thus modify the emission color. Thinner devices were only studied in the case of the white OLED in the following con guration: ITO/MeOTPD:F -TCNQ (7.5 wt%, 100 nm)/MeOTPD (15 nm)/TCTA:Ir (5.1 wt%, 40 nm)/BCP (10 nm)/TPBI (50 nm)/LiF (1 nm)/Al. While decreasing the overall thickness to 65 nm and keeping the dopant concentration constant, the color radically changed from white to blue clearly indicating the shift of the recombination zone in the case of the thicker devices. For the thin devices, turnon voltage and driving voltages close to that previously obtained for the former blue OLEDs were reached. When the thickness is increased, higher bias are required and a shift of the recombination zone at the interface between the emissive layer and MeOTPD is observed, as previously reported [50, 51] (See Figure 4) . 
Conclusions
A non-emissive iridium complex at room temperature has been investigated as dopant for stacked devices. Interestingly, while modifying the dopant concentration or the thickness of the device, saturated blue or white OLEDs could be obtained using a single-emitting material. As a result of the use of a single dopant, an excellent EL stability with the applied voltage was evidenced and an interesting color purity could be obtained for both the blue and white OLEDs. Even if the performance presented in this article are moderate compared to what reported with other iridium complexes and directly related to the low PL quantum yield of the complex at RT, these results render this phosphor as a promising sca old for generating new emitters with higher PL quantum yields and broad emissions. Indeed, only few derivatives of this well-known Ir(ppz) have been synthesized to date and the unique strategy to improve the PL quantum yield of this family of complex while blue-shifting the emission is to introduce electronwithdrawing groups on the aromatic rings.
